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• Mixing of ions from the X-line 

and from downstream regions 

with the speiser-like motion
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• Mixing of ions from the X-line and from 

downstream regions with the speiser-like 

motion

• Acceleration by Ex [e.g., Aunai et al., 2011]
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Themis observation
[Hietala et al., 2017]

Downstream separatrix region, field-aligned 

counter-streaming populations
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Questions:
• Detailed ion distribution structures in different EDR events and the 

outflow jet formation [Giles et al., 2019, in prep]

• Thermalization/heating across reconnection regions

• 3D effects on ion distributions in the diffusion region
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MMS3

EDR encounter 

[Torbert et al., 2018; Giles et 

al., 2019, in prep]
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• Tizz is the dominant component 

due to counter-streaming Vz

• Tizz increases → decreases

• Tixx,Tiyy slightly increase
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123
• Tizz increase: increased 

counter-streaming separations 

(potential drop)

• Tizz decrease: mixing of ions 

from different locations with 

different amounts of 

acceleration -- thermalization
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123 Tixx,Tiyy increase: mixed 

ions with different amounts of 

acceleration and gyro-turning 

during the Speiser motion



12

Possible ion diffusion region in a not-so-quiet 

current sheet: Vix reversal
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N Bx=0

MMS

Continuous variations of the current 

sheet orientation – a corrugated 

(flapping) current sheet
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N Bx=0

MMS

• Acceleration by EM and 

EN is observed

• Enhanced mixing of 

ions from different 

entry locations

[Wang et al., submitted to GRL]



Conclusions

• The high Ti in the central diffusion region is set up by the effective 
temperature of accelerated ions, and the thermalization is achieved 
by mixing of ions.

• Three-dimensional effects on ions in the diffusion region: the 
corrugated current sheet enhances ion mixing.
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